Objective: This study was conducted to compare radiologic changes and clinical outcomes in adjacent level of percutaneous pedicle screws with those of conventional (open) pedicle screws. Methods: From January 2007 to December 2009, 51 patients underwent L3-5 decompression and spinal fusion. Percutaneous pedicle screws were used in 22 patients, and open pedicle screws were used in the remaining patients. For estimation of instability, we performed measurements of change in the lordotic and adjacent segment angles. A retrospective evaluation of the patients' data and several assessment scales was conducted for determination of clinical outcomes. Results: The radiological examinations revealed no significant differences, except the L2-3 sagittal angle change. The upper adjacent level angle change in the open group was larger than that in the percutaneous group. In the percutaneous group, the sagittal angle changed from 9.7±3.0° to 11.25±3.6° during the follow-up periods, and in the open group, the sagittal angle changed from 10.8±4.1° to 13.6±4.5°. Radiological instability was observed in 5 patients (17%) in the open group and in 2 patients (9%) in the percutaneous group. Both groups showed similar clinical outcomes.
INTRODUCTION
To achieve spinal stability, posterior pedicle screw fixation is widely used as an effective treatment for degenerative diseases of the lumbar spine 7, 16, 22) . However, conventional (open) posterior pedicle screw fixation requires extensive dissection and excessive traction on muscle, causing weakening of the supporting structures of the spine 11, 18, 26, 27, 29, 30) . It is associated with high medical expense and blood loss, and, most importantly, with degeneration of adjacent spines 11, 18, 21, 26, 27, 29, 30) . In consideration of these problems, posterior spinal fusion using percutaneous pedicle screws has been presented as a technique for minimally invasive spine surgery 20) . A large number of studies have reported on effective treatment using percutaneous pedicle screws, resulting in decreased medical expense and blood loss, as well as protection of the supporting structures of the spine 8, 12, 16, 18, 19, 21, 23, 24, 28) . This study provides a comparative analysis of degeneration in adjacent spinal levels and patient's clinical outcomes between conventional and percutaneous pedicle screws in the treatment of degenerative disease at the L3 to L5 level.
MATERIAL AND METHODS

Patients
We conducted a retrospective examination of the radiographic images and medical records from patients with degenerative lumbar disease at L3-5, who were treated with posterolateral spinal fusion, or bilateral interbody fusion at our in- stitution from January 2007 to December 2009. We compared and evaluated patients with spondylolisthesis, spinal stenosis, or spinal instability with neurologic sysmptoms or without improvement of pain by conservative treatment, and who had undergone conventional (open) or percutaneous pedicle screw fixation. We excluded patients whose surgery was performed for other indications, such as fracture or infection and severe spondylolisthesis Grade III or over, severe osteoporosis, or degenerative scoliosis because of the difficulty in com-paring these cases. In all the patients, time spent in surgery, mean blood loss, postoperative complications, and re-operation were evaluated with regard to whether preoperative simple radiography, computerized tomography and magnetic resonance imaging, and radiological tests were performed, which was confirmed by radiographic changes. We assessed plain radiographs (anterior-posterior, lateral, and flexion-extension lumbar views) preoperatively, 6 months, and at the final follow-up examination. The outcomes and patient satisfaction were assessed as of the last follow-up examination.
Method of surgery
Under general anesthesia, partial laminectomy and foraminotomy for decompression were performed on all the patients, depending on the degree of stenosis. After opening midline minimally, using mixed autograft and allograft bones, the patients underwent bilateral or unilateral L3-4 and L4-5 interbody fusion with open or percutaneous pedicle screw fixation.
Postoperative results
For the analysis of the postoperative results, we compared blood loss during the operation, subsequent blood transfusion, and operation time in each group. In addition, we retrospectively reviewed postoperative complications, such as postoperative infection, that occurred during the follow-up period, and whether or not re-operation was necessitated.
The Brantigan and Steffee classification was used for estimation of the postoperative fusion state 5) . We defined bone fusion Brantigan-Steffee classification grade 4 or 5 in the final radiological follow-up image.
Clinical outcomes
Odom's criteria, the visual analogue scale, and the Oswestry disability index (ODI) were used in analysis of postoperative patient satisfaction and degree of functional recovery. The visual analogue scale measures back and leg pain, and the ODI was used to assess 10 aspects of daily activity as they related to pain, except for sexual activity. All the clinical outcome scales were measured at preoperatively, postoperatively, and at the time of the last follow-up examination.
Radiological analysis
The total lordotic and segmental lordotic angles of the L3-5 lumbar fixation site were measured in a simple lateral view to estimate the stability of the spinal segment after posterior lumbar fusion. Cobbs method was used for estimation of the total lordotic angle; the angle formed by parallel lines on the tops of the L1 and S1 vertebrae 2) . The segmental lordotic angle was estimated by the angle formed by parallel lines on the top of the L3 vertebra and the bottom of the L5 vertebra 2) . The lordotic angles were measured using simple lateral view taken before surgery, 6 months after the operation, and at the last follow-up examination.
To determine instability of the adjacent segments after fixation, the segmental angle changes of L2-3 and L5-S1 were measured using simple lateral and flexion-extension views (Fig. 1) . In the flexion-extension view, the angle made by parallel lines on the bottom of the upper lumbar body next to the fixed spine and the top of the lower lumbar body were measured and changes in the angle were extracted from the angle of flexion and extension 31) . Changes in the segmental angle exceeding 15° at L2-3 and 25° at L5-S1 are defined as potential instability 31) . Also, lordotic angle and adjacent instability measured preoperatively, 6 months after the operation, and during the last follow-up period were noted.
Statistical analysis
The data were processed using the SPSS version 19; X 2 -test, independent samples T-test, and repeated measures ANOVA at a significance level of 5% were performed for verification. First, X 2 -test was performed to estimate whether there was a differences with regard to the need for blood transfusion between the patients who underwent traditional screw fixation and those who underwent percutaneous screw fixation. Second, a parametric T-test was conducted for comparison of intraoperative bleeding, operative time, hospital stay, and degree of bone fusion between the groups. Finally repeated measures and the visual analogue scale, ODI, total lordotic angle, segmental lordotic angle, and change in segmental angle were used for evaluation of spinal instability in the patients in each group and were compared using repeated measures ANOVA. The patients in the percutaneous pedicle screw fixation group had significantly shorter in-hospital stay (13.8 
RESULTS
Patients
Postoperative results
The operative time was approximately 4.5 hours for each patient, and no significant difference was observed between the patients; however-, the mean blood loss in the open pedicle screw fixation group (1193.1 mL) was higher than that (Fig. 2) . In addition, the postoperative results for each group showed no statistically significant differences ( 
Clinical outcomes
After the surgery, patient satisfaction was measured according to 3 scales (the visual analogue scale, ODI, and Odom's criteria). The results for each scale are as follows. The visual analogue scale (VAS) scores for back pain (back VAS) and radiating pain (leg VAS) showed a consistent decrease after the operation to the last follow-up period (Fig. 3) . The back VAS score decreased from 7.0 to 3.7 in the percutaneous screw group and from 7.2 to 3.3 in the open screw group. The leg VAS score decreased from 7.2 to 3.2 in the percutaneous screw group and from 7.2 to 2.9 in the open screw group. The changes in the postoperative VAS scores were similar in each patient group, with no statistically significant differences between the 2 groups. The ODI also, showed a gradual decrease in both groups after the surgery (Fig. 3) . The ODI decreased from 64.5 to 32.5 in the percutaneous screw group and from 66.3 to 30.8 in the open screw group. According to Odom's criteria, 19 persons had excellent grades, 20 persons had good grades, and 9 persons had poor grades (Fig. 3) . No statistically significant differences were observed between the 2 groups.
Radiological changes
The total lordotic angle change showed a slight increase during the follow-up period in the open pedicle screw group. In the percutaneous pedicle screw group, the total lordotic angle showed a slight decrease. However, this difference was not statistically significant ( Table 2) .
As shown in the graph, the segmental lordotic angle change in the patients who underwent posterior open pedicle screw fusion, showed a decrease during the last follow-up period. In the percutaneous pedicle screw group, the graph shows changes in the segmental lordotic angle, making a V-shape. These changes with time are insignificant. Likewise, no statistically significant difference was observed between the 2 groups ( Table 2) .
For evaluation of spinal instability, the flexion-extension sagittal angle change in the adjacent segments (L2-L3, L5-S1) was measured until the last follow-up period. With the passage of time, the patients in the open pedicle screw group and percutaneous pedicle screw group showed an increased angle change in L2-L3 (Fig. 4) . The angle change over time (the slope of the graph) in the open pedicle screw group was much greater than that in the percutaneous pedicle screw group (Table  3) . On the other hand, angle change was observed at the lower adjacent level (L5-S1), but showed a similar increase with time as the angle change in L2-L3, with no statistically significant differences between the 2 groups (Table 3) . Six patients showed instability at L2-L3, including 5 of 7 in the open pedicle screw group. One patient in each group showed instability at L5-S1. . Several years later, Roy-Camille etale 23) established a constituency of pedicle screw fixation by creation of the dorsal construct composed of screw and rod. Since that time, pedicle screw fixation has been widely used in the treatment of many degenerative spinal diseases. Because of the need to secure an entry point and cortical bone, conventional pedicle screw fixation requires extensive dissection, causing injury to the supporting structures of the spine. It has been associated with increased medical expense, increased amounts of blood transfusion and higher rates of postoperative infection 11, 18, 21, 26, 27, 29, 30) . Several studies have reported that pedicle screw fixation, which minimizes injury to supporting structures of the spine, could alleviate some of these problems and reduce pain caused by damage to facet joints and atrophy of paraspinal muscles 6, 8, 12, 17, 21, 24, 28) . In this study, we compared patients who underwent open pedicle screw fixation and those who underwent percutaneous pedicle screw fixation with regard to duration of operation, postoperative complications, in-hospital stays, blood loss, and amount of blood transfusion. Each factor showed a slight difference; in particular, blood loss and amount of blood transfusion were significantly greater in the open pedicle screw group than in the percutaneous pedicle screw group. The in hospital stay was also longer in the open pedicle screw group. These results, which are identical to those of previous studies, show statistical significance and demonstrate the advantage of percutaneous pedicle screw fixation. We speculate that although the patients in the percutaneous pedicle screw group had a midline incision for interbody fusion, less muscle dissection and less violation of the facets joint made for the decrease in blood loss. In a previous study involving 1 level spinal fusion, we reported that no difference was observed between open and percutaneous pedicle screws with regard to the above-mentioned factors 15) . Judging from the 2 studies reported by our group, we suppose that, in a multi-level spinal pedicle screw fixation, the advantage of the pedicle screw is more emphasized.
The clinical outcomes were good in both groups and the VAS scores and ODIs revealed a decrease with time. No difference was observed between the 2 groups. As reported in previous studies 7, 21, 32) , this result demonstrates that the percutaneous pedicle screw can also be effective in the treatment of degenerative spinal diseases.
The angle change in the adjacent segment fixed by the pedicle screw showed an increase over the course of time, particularly in L2-L3; some patients presented with spinal instability. Although the angle change increased in L5-S1, no statistically significant difference was observed between the 2 groups. This result demonstrated that adjacent segment syndrome occurred more frequently in the upper segment of the screw-fixed spine 1, 14, 22) . In addition, this result was clearly observed in the open pedicle screw group. Open pedicle screws showed a greater association with injury to the facet joint of the upper body, compared with percutaneous pedicle screws. In consideration of these results, we hypothesized that patients who undergo open pedicle screw fixation are more likely to contract adjacent segment disease than patients who undergo percutaneous pedicle screw fixation. In fact, 1 patient in the open pedicle screw group in our study underwent re-operation for treatment of adjacent segment disease in L2-L3. On the other hand, use of percutaneous pedicle screws can result in preservation of facet joints of the upper body and minimize injury to paraspinal supporting structures 6, 10) . On the basis of these facts and the results of our study, our hypothesis that development of adjacent segment disease occurs more often in patients who undergo open pedicle screw fixation than in patients who undergo percutaneous pedicle screw fixation was confirmed.
Of course, percutaneous pedicle screws have disadvantages. The accuracy of percutaneous pedicle screws is stills controversial issue 13) . Open pedicle screws make it easier to achieve the natural lordotic curve of the lumbar spine, than percutaneous pedicle screws 2) . Thus, the success rates of bone fusion tend to be higher with open pedicle screws. However, because of the 2 level fusion and small study' group, in our study the bone fusion rates show no statistically significant difference between the 2 groups.
Our study has several limitations. Because the study is a retrospective one, all the data were obtained from medical charts and radiological studies from the past. Therefore, we were not able to control all the variables, which may have influenced the results of the study. Moreover, the study did not include a large number of patients for comparison. However, the patients in the 2 groups were statistically similar in age, follow-up period, and diagnosis. We were, then, able to perform identical operative methods and radiological studies, during the same period. Therefore, the results of this study are considered to have significant value.
It is of fore most importance to note that this study is preliminary. To identify adjacent segment disease, clinical symptoms caused by degeneration of adjacent segments should be observed over a long-term period 9, 19) . The identification of relationships between degeneration of adjacent levels of the spine and clinical symptoms with long-term follow-up is needed. Moreover, we need to assess another radiological change such as spondylolisthesis. To validate our results, larger-scale prospective study will be needed.
CONCLUSION
Our retrospective study was conducted to investigate and analyze the clinical outcome and postoperative radiological change in patients who underwent posterior L3-L4-L5 fusion using percutaneous and open pedicle screws. We found that the use of percutaneous pedicle screws may be more effective in preventing adjacent segment syndrome than the use of open pedicle screws. In addition, as we perform longer levels of spinal fusion, the advantages of percutaneous pedicle screws have become more apparent. If a prospective study of associated changes in clinical symptoms with a long-term follow-up period can be conducted, we may be able to prove that use of percutaneous pedicle screws can decrease the incidence of adjacent segment disease.
